Summary Long non-coding RNAs (lncRNAs) play key roles in the regulation of biological processes. Salinity inhibits agricultural productivity. The salinity stress tolerance of barley might play important role to understand the regulatory networks. In this study, we performed quantitative real time-PCR (qPCR) and fluorescence in situ hybridization (FISH) to investigate expression levels of two barley lncRNAs AK363461 and AK370506 and localizations on four barley genotypes (Hasat, Beysehir 99, Konevi 98 and Tarm 92) under 150 mM salt stress conditions during three days germination. Seeds were placed randomly in petri dishes containing filter paper soaked in (a) only H 2 O (control), (b) 150 mM NaCl for 72 h. RNA extraction were carried out using TriPure ® reagent from root and shoot samples. Expression analysis demonstrated salinity effected expression levels of AK363461 and AK370506 on shoots and roots during germination. The expression levels of AK363461 for 150 mM salt applied groups were altered ranged between (log 2 0.82 and 0.80) compared controls. However, the expression levels of AK370506 for 150 mM salt applied groups were altered ranged between (log 2 0.64 and 3.16) compared controls. Comparison of AK363461 and AK370506 expression levels, there was statistically significant difference between barley varieties (p 0.05). For FISH application, probes were labelled by tetramethylrhodamine (TRITC)-dUTP. The localizations of AK363461 and AK370506 were observed under confocal microscope via FISH on control barley root preparations. Our results is the first direct report to show the relationship between barley lncRNAs and salinity and, also to indicate the localisations of lncRNAs in barley.
Recent large-scale RNA profiling efforts have revealed that non-coding RNAs (ncRNAs) play key roles in the regulation of plant growth, development and response to environmental stresses either transcriptional or post-transcriptional levels (Sunkar et al. 2012 , Matsui et al. 2013 . On the basis of the molecular structure, plant ncRNAs can be divided into two groups: linear ncRNAs and circular ncRNAs (Pauli et al. 2015) . However, linear ncRNAs can also be classified into two categories based on their molecular functions: (1) housekeeping ncRNAs including ribosomal RNAs (rRNAs), transfer RNAs (tRNAs) and small nucleolar RNAs (snoRNAs); and (2) regulatory ncRNAs, which can be further divided into two sub-categories: (a) small RNAs (sRNAs), including microRNAs (miRNAs) and small interfering RNAs (siRNAs) and (b) long ncRNAs (lncRNAs) (Liu et al. 2012 , Matsui et al. 2013 , Santosh et al. 2014 ). In addition, based on their genomic locations, lncRNAs are classified into five groups: (1) Antisense lncRNAs which are transcribed from the antisense strand; (2) Sense lncRNAs are transcribed from sense strand of protein-coding genes; (3) Intronic transcripts reside within introns of a coding gene which is also defined as sense intronic lncRNAs; (4) Long intervening ncRNAs (lincRNAs) with a length 200 bp, are also called long intergenic ncRNAs; (5) Processed transcript which do not have any open reading frame (ORF) and also, cannot be placed in any type of categories (Harrow et al. 2012) . Extra two categories which are bidirectional and enhancer lncRNAs also emerged. Bidirectional lncRNAs are expressed within 1 kb of promoters in the opposite direction from the neighbouring protein-coding gene. Enhancer lncRNA (elncRNA or eRNA), which are generally 2 kb, is transcribed from enhancer regions of the genome and may contribute to enhancer function (Devaux et al. 2015) .
In plants, lncRNAs can exhibit their effects during sexual reproduction, tissue development, and in response to external stimuli such as drought, salinity, heat stress and infections (Xin et al. 2011 , Kim and Sung 2012 , Zhang et al. 2014 . However, the regulatory roles of lncRNAs are only beginning to be characterised. lncRNAs can function in either cis or trans by sequence complementarity or homology with RNAs or DNAs, and/or by structure, forming molecular frames and scaffolds for assembly of macromolecular complexes (Chekanova 2015) . Xin et al. (2011) showed that 125 putative stress responsive lncRNAs in wheat, which can be induced by powdery mildew infection and heat stress, were tissuespecific. In maize, 20163 putative lncRNAs were identified and more than 90% of these lncRNAs were found to be potential precursors of sRNAs as supported by the tissue-specific H3K27me3 heterochromatin epigenetic mark . By using a deep transcriptomic sequencing approach, Qi et al. (2013) identified 584 lncRNAs that were expressed under drought stress in foxtail millet.
Salinity disrupts plant metabolisms that can severely inhibit plant growth and agricultural productivity (Flowers and Yeo 1995, Munns 2005) . Salt stress conditions cause ion toxicity, nutrient constraints, hyperosmotic stress and oxidative stress, might be the primary causes of severely disrupted protein synthesis and act by interfering with normal enzyme activity (Zhu 2002 , Rajaei et al. 2009 . To date, studies showed that salinity stress is considered to affect in two ways. One of them is a rapid way which is a rapid osmotic stress causes reducing shoot growth. The second way is a slower ionic stress, causing the acceleration of senescence of the older leaves which generally depend on elevated leaf Na + content (Munns and Tester 2008) . However, due to genotypic difference and environmental conditions, plants develop several adaptive mechanisms to minimize salt injury under saline conditions, and also different plants have developed various abilities to survive salinity (Witzel et al. 2009 ). Barley (Hordeum vulgare L.) represents a substantial source of variation for a wide range of adaptations to various environments (Wahbi and Gregory 1989) . However, the salinity stress tolerance of barley is much more than other crops, might be play important role to understand the molecular and physiological processes and regulatory networks in crop plants exposed to salt stress. Recently, Mascher et al. (2017) have managed to derive the linear order of sequences across the pericentromeric space and the spatial organization of chromatin in the nucleus at megabase resolution by chromosome conformation capture mapping (Hi-C map). The study revealed that they have predicted 19908 lncRNAs that it was the first time barley lncRNAs number have been estimated (Mascher et al. 2017) .
In this study, we performed quantitative real time-PCR (qPCR) and fluorescence in situ hybridization (FISH) analyses in samples obtained from 150 mM salt applied root and shoot that were harvested after 72 h during germination period. We investigated the expression levels and localizations in chromosomes of AK363461 and AK370506 lncRNAs in four barley varieties (Hasat, Beysehir 99, Konevi 98 and Tarm 92) under 150 mM salt stress condition. In addition, we were able to observe the localization of these two lncRNAs under confocal microscope via in situ hybridization on control barley root preparations.
Materials and methods

Plant materials and salt treatment
Two Hordeum vulgare L. varieties (Beysehir 99 and Konevi 98) were obtained from Bahri Dagdas International Agricultural Research Institute, Tarm 92 was from Field Crops Central Research Institute and, Hasat was provided from Directorate of Trakya Agricultural Research Institute. Seeds were placed randomly in petri dishes containing filter paper soaked in (a) only H 2 O as control, (b) 150 mM NaCl as treatment group for 72 h at dark for germination period. Totally 180 barley seeds were utilized each for control and salt treatment (three replicates for each applications). The plants were grown at growth chamber under controlled conditions at 18-25 C, relative humidity at 60-75% in the dark during three days. After 72 h, roots and shoots were harvested, directly treated with liquid nitrogen and then, stored at 80 C until RNA extraction.
RNA extraction and first strand cDNA synthesis
Total RNAs of 150 mM salt applied root and shoot samples were extracted by using TriPure ® (Roche Diagnostics) reagent according to manufacturer s protocol. Extracted RNA was dissolved in RNase-free water and stored at 80 C. RNA integrity was verified on a 2% agarose gel; three bands corresponding to ribosomal RNA (28S, 18S and 5S) were apparent. All RNA samples were quantified, and then examined for protein (A260/A280 nm ratios) and reagent contamination (A260/A230 nm ratios) by using NanoDrop 2000c UV-Vis spectrophotometer (Thermo Scientific). Four microgram of total RNA was treated with five units of RNase-free recombinant DNase I ® (Roche Diagnostics) and incubated at 37 C for 15 min. Reaction was stopped by adding 2 µL of 0.2 M EDTA (pH 8.0) to a final concentration of 8 mM and heating to 75 C for 20 min.
The first strand of cDNA was synthesized by using Transcriptor High Fidelity ® cDNA Synthesis Kit (Roche Diagnostics) according to suggestions of the manufacturers protocol. Total RNA (4 µg) was processed with random hexamer primers. cDNAs were stored 20 C until use.
Quantitative real time-PCR analysis of lncRNAs
The sequence of AK363461 and AK370506 were obtained from NCBI database. 18S rRNA primer sequence used as a housekeeping gene was obtained according to Tombuloglu et al. (2013) . Transcripts were amplified by using forward and reverse primers. Primer sequences which were designated by using IDT s PrimerQuest© Tool were listed in Table 1 . GC % and T m values of primers were around 60 and between 50 and 56 C, respectively.
Quantitative real time-PCR (qPCR) was performed to evaluate expression levels of two lncRNAs (AK363461 and AK370506). Primer sequences used in this study were indicated in Table 1 . qPCR was performed by using SsoFast™ EvaGreen ® Supermixes (Bio-Rad) in CFX96 Touch™ Real-Time PCR Detection System (Bio-Rad, Hercules, CA, USA). Reactions were performed at 95 C for 3 min, followed by 50 cycles at 95 C for 5 sec and at 54 C for 10 sec, 60 C for 10 sec for AK363461 and AK370506. The specificity of PCR products was assessed by melting curve analysis. The results were normalized by using barley 18S rRNA. Relative quantitation of lncRNAs expression was evaluated by the 2 ( ΔΔCt) methods (Livak and Schmittgen 2001) .
Fluorescence in situ hybridization (FISH)
The seeds of H. vulgare were placed on wet filter paper in a petri dish to germinate in an incubator at 18-25 C in the dark during three days. Then, root tips from 1-2 cm roots harvested were fixed in Carnoy fixative (ethanol : acetic acid=3 : 1) without any chemical pre-treatment and stored roots at 4 C. Chromosome preparations were carried out according to Hasterok (2001, 2007) with modifications. The slides were checked under the light microscope (Olympus U-TVO.5XC-3) and kept in a freezer at 20 C.
cDNA probe synthesis was carried out by using AK363461 and AK370506 lncRNAs as template mentioned above. The reaction was carried out in a total volume of 50 µL including 18.25 µL nuclease-free dH 2 O, 25 µL of HotStart PCR Master Mix (Bio-Rad), 1.5 µL of each primer (10 µM µL 1 ), 1.75 µL of 1 mM TRITCdUTP, and 2 µL template cDNA (10 ng µL 1 ). PCR conditions were as follows: 94 C for 5 min followed by 35 cycles of 94 C for 25 sec, annealing 54 C for 25 sec and 72 C for 30 sec. The reaction was completed by a final extension step at 72 C for 5 min.
The FISH procedure was adopted from Hasterok (2001, 2007) with modifications. Chromosome spreads were scanned under 40 objective microscopes to determine the number and quality of well-spread metaphase plates, and then they were treated with 100 µg mL 1 of RNase at 37 C for 1 h. The hybridization mixture consisted of 20 µL of deionised formamide, 8 µL of 40% dextran sulphate, 4 µL of 20X SSC, 2 µL of 10% SDS, 10 µL of probe (75-200 ng/slide), 1 µL of blocking DNA (sonicated salmon sperm DNA) (25-100X probe) and added sterile distilled water to bring final volume 40 µL. The mixture was denatured at 85 C for 10 min and kept on ice for 10 min. A 38 µL aliquot of the hybridization mixture was applied onto each slide, covered with a coverslip, and sealed with paper bond. Both chromosomal DNA and probe DNA on the slides were denatured together in a thermal cycler at 70 C for 6 min, and hybridized with each other at 37 C overnight in a humid dark box.
After hybridization the chromosome spreads were washed three times in 2X SSC: once 2X SSC to float coverslips off; once in 15% formamide/0.1X SSC, and again once in 15% formamide/0.1X SSC, each for 10 min at 42 C. After, slides were washed in 2X SSC for 3 min at 42 C. This step was repeated twice with fresh 2X SSC at 42 C. Finally, slides were washed three times in 2X SSC for 3 min. Later, slides were dehydrated in alcohol series (70, 90 and 100%), each for 1 min and waited in the dark for 15-20 min. Vectashield-DAPI mounting-staining medium (7-10 µL) was dropped onto the chromosome spreads, which were then stored at 4 C until observation.
Leica DM5500 confocal microscope was used for imaging. The following wavelengths were used for fluorescence detection: 551-575 nm for probes labelled with TRITC and 420-480 nm for DAPI. The different fluorescent images were acquired separately. Then they were merged into single composite images.
Statistical analysis
Statistical analysis was carried out by using the data obtained from three separate cDNA sets of three independent biological samples. Data were analysed by OneWay Analysis of Variance (ANOVA). Tukey test was used to compare the means (p 0.05). The graphs were drawn by using GraphPad Prism ver. 5.0 (San Diego, CA, USA).
Results
Expression analysis of lncRNAs
qPCR was performed to measure abundance of two lncRNAs AK363461 and AK370506 during three days germination period under 150 mM salt stress conditions. qPCR analysis revealed that 150 mM salt application effected expression levels of AK363461 and AK370506 which were generally tend to be downregulated. Results also showed that the expression levels of AK370506 in Hasat salt treated shoot group were down-regulated to 8.12-fold; 3.80-fold in Beysehir 99 salt treated shoot group; 4.60-fold in Konevi 98 salt treated shoot group; 6.91-fold in Konevi 98 salt treated root group; 2.93-fold in Tarm 92 salt treated shoot group compared to control (ranged between log 2 0.64 and 0.33). However, the expression levels of AK370506 were up-regulated to 0.44-fold in Hasat salt treated root group; 0.80-fold in Beysehir 99 salt treated root group; 0.68-fold in Tarm 92 salt treated root group compared Table 1 . Primers used in this study.
No
Primer Name Sequence (5′ 3′)
18S rRNA F GGCTACCACATCCAAGGAA 6 18S rRNA R CTATTGGAGCTGGAATTACCG to control (ranged between log 2 0.85 and 3.16) (Fig. 1 , Table 2 ). The alterations of expression levels demonstrated that there was statistically significant difference between 150 mM salt treatment and control groups for AK370506 levels (p 0.05). Tukey test was performed to reveal significance between groups among barley varieties. It was determined that the expression level of Tarm 92 root control was statistically higher than Beyşehir 99 shoot control. On the contrary, the expression level of Beyşehir 99 root control was determined statistically higher than Konevi 98 shoot control which was found to be expressed lower than Tarm 92 root control and Tarm 92 salt treated root group (Fig. 1) . The expression levels of AK363461 in 150 mM salt applied groups were also down-regulated ranged between (log 2 0.82 and 0.80) compared controls on roots and shoot except for in Tarm 92 salt treated root group. qPCR analysis was revealed that specifically, expression levels of AK363461 were down-regulated to 23.96-fold in Hasat salt treated shoot group; 17.03-fold in Hasat salt treated root group; 7.14-fold in Konevi 98 salt treated root group. On the other hand, expression level of Tarm 92 salt treated root group was up regulated to 0.42-fold compared to control (Fig. 1, Table 2 ). Comparison of AK363461 expression levels demonstrated there was statistically significant difference between 150 mM salt treatment and control groups (p 0.05). In addition, Tukey test was performed to reveal significance between in which groups. Specifically, the expression level of Hasat root control was statistically lower than Beyşehir 99 control shoot and root groups; Konevi 98 control shoot and root groups; Hasat salt treated shoot group; Beyşehir 99 salt treated root group; and Konevi 98 salt treated root groups. However, the expression level of Konevi 98 salt treated root group was determined statistically higher than Hasat salt treated root group (Fig. 1) .
Display of lncRNAs by FISH
To characterize the abundance and localization patterns of two lncRNAs (AK363461 and AK370506) in barley, we used root tip cells and lncRNA probes were labelled with TRITC. Specifically, we observed TRITClabelled AK363461 probes revealed up to four signals at prophase in nucleus (Fig. 2a, b) . However, we specifically observed that AK370506 lncRNA probes had only one signal at prophase in nucleus via confocal microscope (Fig. 2c, d ).
Discussion
Salinity is one of the major problems to restrict productivity of crops. The knowledge about lncRNAs and their expression alterations under salinity are limited. In this study, we applied 150 mM salt stress to four dif- ferent barley varieties for three days during germination period to determine expression levels of two barley lncRNAs AK363461 and AK370506 in barley root and shoot samples. Also, we performed to observe the localization of these lncRNAs under confocal microscope via in situ hybridization on control barley root preparations. Expression analysis demonstrated that salt stress conditions affected the expression levels of AK363461 and AK370506 barley lncRNAs during germination period. Also, our study indicated that there was statistically significant difference between barley varieties for expression level of these two barley lncRNAs (p 0.05).
Tukey test was performed to define significance between groups among barley varieties. Tukey test was revealed that barley varieties showed different expression patterns for AK363461 and AK370506 lncRNAs. FISH studies in this present work, we were able to observe the localization of AK363461 and AK370506 barley lncRNAs. The presences of lncRNAs have found to be associated with transcriptional and translational regulation, RNA modification, and epigenetic modification of chromatin structures (Ponting and Belgard 2010, van Bakel et al. 2010) . Also, lncRNAs can exert their function in either cis or trans by sequence complementarity or homology with RNAs or DNAs, and/or by structure, forming molecular frames and scaffolds for assembly of macromolecular complexes (Chekanova 2015) . Moreover, recent studies showed that tissue specific expression of lncRNAs have been widely observed both mammals and plants (Zhang et al. 2014 , Tsoi et al. 2015 , Song et al. 2016 . However, our lncRNAs AK363461 and AK370506 have found to be expressed both in shoot and root cells. Increasing evidences also point to fact that lncRNAs play significant role in regulation of gene expression within biotic or abiotic stress responses such as drought, heat stress and infections (Xin et al. 2011 , Kim and Sung 2012 , Zhang et al. 2014 . In addition, we previously reported that maize (CNT0018772) and rice (CNT0031477) lncRNAs were effected in four barley varieties, also using in this presented study under 150 mM salt stress condition during three days germination period. The previous study showed that there was no statistical difference between barley varieties for expression level of CNT0018772 (p 0.05). On the contrary, our study showed there was a statistically significant difference between barley varieties for expression level of CNT0031477 (p 0.05). It was determined that the expression level of Konevi 98 shoot control group was statistically higher than Tarm 92 shoot control group. In this study, we evaluated the expression levels of AK363461 and AK370506 barley lncRNAs under 150 mM salinity stress during germination period. The findings supported our previous study. 150 mM salinity stress altered the expression levels of AK363461 and AK370506 and, the study indicated these alterations were statistically significant between four barley varieties (p 0.05). These findings suggest that expression of AK363461 and AK370506 may depend on barley genotype. Together, our data represented the first determination of barley lncRNAs expression levels under salinity 
stress.
Tissue specific expressions of lncRNAs tend to be lower expression levels compared to the protein-coding genes. Some studies reported that expression levels of lncRNAs were consistently low in all the cells, or expression in only a few specific cells/cell sub-populations (Cabili et al. 2011 , Liu et al. 2016 . Our findings were consistent with this observation. We observed that expression levels of AK363461 and AK370506 were low in both shoot and root cells. Specifically, we have found expression levels of AK363461 were lower than AK370506 s expression level. In a recent study, Li et al. (2016) observed lower expression levels of lincRNAs in comparison to mRNAs even in specialized cell types.
Most of the lncRNAs are considered to undergone rapid sequence evaluation (Ulitsky et al. 2011) . On the contrary, AK370506 lncRNA, which was used in this study, demonstrates sequence similarity with wheat lncRNA (Taestivum_Traes_4AL_56EE69795) according to GreeNC database which is designed to be a wiki-database of plant lncRNAs (Gallart et al. 2016) . In addition, sequence search of AK370506 via BLASTN revealed AK370506 is overlapping with another barley gene HORVU7Hr1G007800. It has been reported that lncRNAs could regulate gene expression either in cis or in trans or exert their functions as an enhancer (Fatica and Bozzoni 2014, Devaux et al. 2015) . Our findings, together with previous reports, suggest that AK370506 may act as cis-acting element. However, sequence similarity studies demonstrated AK363461 lncRNA is non-conserved lncRNA which means that AK363461 was found to be unique for barley. Also, our study indicated that expression of AK363461 was related to salinity stress during germination period. In response to salt stress during germination, this finding would provide insight to understand mechanisms of gene regulation in the future.
FISH or RNA FISH techniques, which enable quantification and spatial resolution of single RNA molecules within cells via hybridization of multiple, labelled nucleic acid probes to a target DNA or RNA, provide great potential for study of lncRNAs (Dunagin et al. 2015) . In this study, probes for both AK363461 and AK370506 were obtained from cDNA and, labelled with TRITC. DAPI-stained chromatin structure in the nucleoplasm observed via confocal microscope. We observed that our study revealed up to four and one signals for AK363461 and AK370506 lncRNAs in barley nucleus, respectively. In addition, our sequence studies demonstrated AK363461 is located on barley 7H chromosome and, AK370506 is on 4H chromosome. Our study is the first report to demonstrate barley lncRNA localizations at prophase stage in nucleus. This study also represents a recipe for visualization of barley lncRNAs.
As a conclusion, we determined the expression levels of AK363461 and AK370506 lncRNAs in four barley varieties under 150 mM salinity stress during 72 h for germination period. There is no direct literature data which shows the relationship between lncRNAs and salinity stress effecting germination. Therefore, our results in the present study have reported for the first time for direct report to demonstrate the expression levels and localizations of barley lncRNAs. Such information can be useful in process of understanding gene regulation mechanism and provide insight into the expression levels of lncRNAs in different barley varieties.
